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Abstract 
In the last years, the number of installed biofuels power plants is increased in northern Italy, due to favorable legislation on 
renewable energy sources, posing the issue to assess the resulting environmental effects. The European legislation on emissions 
for renewable fuels power plants provides guidelines to be integrated in the local regulations; moreover, local authorities have to 
identify the critical power plants in terms of pollution and the key parameters to grant licenses for the future plants.  
The aim of this paper is to describe a methodology and the calculation routine developed to assess the environmental effects of 
biomass plants in terms of simple indexes. The used approach is based on the Cross-Media Effects described by a European 
Commission Reference Document. In particular, several indexes are introduced to cover the most relevant environmental effects, 
as: air toxicity, global warming, acidification, eutrophication and photochemical ozone creation. For every considered pollutant 
(such as NOx, CO, etc.) directly emitted by the power plant, specific factors have been identified, in order to calculate the 
contribution to the different environmental indexes. Finally, a numerical evaluation of different biomass power plants, installed in 
Emilia Romagna region, is provided, in order to assess their environmental cross-media potential and to compare such kind of 
power plants with large scale, fossil-fuelled power plants. 
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1. Introduction 
Increasing concerns over climate change and energy security are the most important reasons leading to the 
growing emphasis on renewable penetration in the energy sector, especially in heat and power generation. 
The Renewable Portfolio Standard (RPS), requiring that a percentage of electricity must be guarantee by renewable 
sources, is an important policy instrument being utilized, both on global scale and regionally [1, 2], to promote 
greater use of renewable based energy systems. 
 
Nomenclature 
J  pollutant mass concentration [mg/Nm3] 
δ  output-based emissions [mg/kWhe] 
eK  electric efficiency [%] O  input-based emissions [mg/kWhLHV] 
χ  fuel mass fraction [%] 
 h  operating hours in a year [h] 
K  stoichiometric dry fuel gas per unit of fuel mass [Nm3/kg] 
m  mass [kg] 
P nameplate electric power [kW] 
X reference oxygen volume fraction in dry flue gas [%] 
Subscripts and Superscripts 
eq equivalent 
i investigated pollutant 
Acronyms 
AP Acidification Potential 
ATP Air Toxicity Potential 
BAT Best Available Techniques 
CFC Chlorofluorocarbons 
EP Eutrophication Potential 
ESP Electrostatic Precipitator 
FF Fabric Filter 
GWP Global Warming Potential 
ICE Internal Combustion Engines 
LHV Lower Heating Value 
MSW Municipal Solid Waste 
NG Natural Gas 
PM Particulate Matter 
POCP  Photochemical Ozone Creation Potential 
RPS Renewable Portfolio Standard 
SCR Selective Catalytic Reduction 
SE Stirling Engines 
SG Steam Generators 
SNCR Selective Non-Catalytic Reduction  
SW Solid Waste 
VOC Volatile Organic Compounds 
 
Besides that, available literature on renewables tend to present benefits of renewable fuels application in power 
plants, in comparison with fossil fuels, highlighting in particular the carbon emission savings, but neglecting other 
residual environmental effects. One of the disadvantages related with this kind of fuels is the difficulty in emissions 
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forecasting and monitoring, caused by the heterogeneous composition of fuels, the typical small power size of the 
plants and the distributed location. 
Moreover, the scientific research on the impact of pollutants emissions, as a consequence of electricity generation 
process, is starting to focus on both local and global levels [3], investigating the combined effects of pollutants 
emissions and to quantify the contribution of each pollutant to the different environmental effects.  
To emphasize the importance of the environment protection, taken as a whole, the European Commission Reference 
Document [4] has the purpose to establish which options, among BAT, provides adequate level of protection to the 
environment through a “Cross-Media” methodology.  
This paper aims to present an application of a method to evaluate the Cross-Media environmental impact potential, 
through the assessment of several performance indexes, related with the most important air pollutants emitted by a 
combustion based power plant. 
Several practical examples of application of the proposed procedure are presented with reference to both small size 
biofuel power plants and conventional, large scale, fossil fuel power plants, introduced for comparison purpose. 
The study can be considered as a preliminary work useful in the authorization procedure for new power plants 
installation. The study has been carried out with reference to the Emilia Romagna Region. 
2. Environmental indexes for cross-media effects 
The main environmental effects, identified by the European Commission in the Economics and Cross-Media 
Effects document [4], are: (i) air toxicity, (ii) global warming, (iii) acidification, (iv) eutrophication, (v) 
photochemical ozone creation, (vi) aquatic toxicity, (vii) ozone depletion. Among these effects, the aquatic toxicity 
has not been considered, since this study is limited to air pollutants; also the ozone depletion effect has not been 
included as it is related with chemical compounds not produced by biomass power plants, namely 
chlorofluorocarbons (CFC). Therefore, only five effects have been assessed. The evaluation of cross-media effects 
needs to introduce some potential indexes based on the main environmental effects that pollutants are most likely to 
cause. Thus, the five considered effects are quantified by the following potential indexes (summarized in Table 1 
with the corresponding expression and units of measure): 
1 The Air Toxicity Potential (ATP), evaluating the risks of exposure to chemicals for health and safety of humans 
and animals, normalized with reference to lead (Pb) effect; 
2 The Global Warming Potential (GWP), estimating the global warming contribution of each emitted pollutant 
compared with the carbon dioxide (CO2) effect;  
3 The Acidification Potential (AP), evaluating the impact of the acid gas emissions, expressed as an overall sulphur 
dioxide (SO2) equivalent; 
4 The Eutrophication Potential (EP) concerns the process of nutrient enrichment that occurs when pollutants act as 
nutrients for photosynthetic organisms. The chemical species responsible for EP contain nitrogen and phosphorus 
and this effect is quantified in terms of phosphate ions (PO43-) equivalents; 
5 The Photochemical Ozone Creation Potential (POCP) is related with the formation of ozone at low elevations, 
formed by a series of chemical reactions initiated by sunlight. The presence of ozone into the troposphere can 
cause corrosion to materials, damage to vegetation and to human health, such as respiratory difficulties. The main 
species involved into POCP are nitrogen oxides (NOX) and volatile organic compounds (VOC). The POCP value 
is expressed with reference to ethylene (C2H4). 
 
Each of the identified environmental potential indexes can be evaluated using the expressions presented into the 
Cross-Media Effects BREF document [2] and summarized in Table1. 
 
The main parameters, reported in the above expressions, are: 
x mass (mi[kg]) of the ith considered pollutant released to air; 
x pollutant specific weighting factors (1/ATPi, GWPi, APi, EPi and POCPi) representative of the environmental 
effect potential per mass unit of the ith pollutant 
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         Table 1 Considered environmental effect potential indexes definitions and respective units of measure. 
Index Formula Unit of Measure 




mATP  kg Pb equivalent 
[kgPbeq] 
Global Warming Potential ¦  i ii mGWPGWP  kg CO2 equivalent [kgCO2eq] 
Acidification Potential ¦  i ii mAPAP  kg SO2 equivalent [kgSO2eq] 
Eutrophication Potential ¦  i ii mEPEP  kg PO43- equivalent [kgPO43-eq] 
Photochemical Ozone Creation Potential ¦  i ii mPOCPPOCP  kg C2H4 equivalent [kgC2H4eq] 
 
Each of the environmental potential index is evaluated as the sum of the effects of several pollutants, where each 
pollutant mass is weighted by the specific weighting factor. These weighting factors are expressed in terms of a 
reference substance. This allows to compare directly and to sum the effects of several and unrelated pollutants [2], 
following a cross-media effect assessment approach. 
The common pollutants contained into the exhaust gas of a combustion process have been taken into account for the 
environmental effects assessment. The considered pollutants can be single chemical species (e.g., carbon monoxide-
CO) or groups, containing more chemical components (e.g.: nitrogen oxides NOX, including NO, NO2 and N2O; 
sulphur oxides SOX, including SO, SO2 and SO3). Beside the most frequent pollutants emitted by a combustion 
process, such as CO, NOX and carbon dioxide (CO2), other pollutants have been included, namely: SOX, 
particulate matter (PM), volatile organic compounds (VOC), hydrogen chloride (HCl), hydrogen fluoride (HF) and 
ammonia (NH3). The considered specific weighting factor values for the selected pollutants are listed in Table 2.  
                  Table 2 List of specific weighting factors for the pollutant [2-5]. 
 Unit Of Measure CO NOX SOX PM VOC HCl HF NH3 CO2 
ATPi kg/kgPbeq 350 95 13 70 10 80 50 350 8000 
GWPi kgCO2eq/kg 2 - - - 3 - - - 1 
APi kgSO2eq/kg - 0.7 1 - - 0.88 1.6 1.88 - 
EPi kgPO43-eq/kg - 0.13 - - - - - 0.35 - 
POCPi kgC2H4eq/kg 0.027 3.8 0.048 - 0.377 - - - - 
 
Most of the weighting factors values reported in Table 2 are taken from the Cross-Media Effects BREF [4]; this 
source document has been integrated with other references [5-7] in few cases. Moreover, for what concern groups of 
chemical species, if the corresponding weighting factor was not available, but single species factors were indicated 
in the used reference, the value corresponding to the most predominant species in the group has been used. 
It can be observed by the numbers reported in Table 2, that the weight of various pollutants can be different. For a 
general case of power plant, the total amount of each considered potential index can be calculated, once the pollutant 
mass emissions are specified, using the expression reported in Table 1 and the specific factors of Table 2. 
3. Calculation routine 
A simple in-house developed calculation routine, named mini-BREF, has been realized in VBA Script™ 
language, to assess the above described environmental potential indexes values, for fossil and/or renewable fuels 
power plants. Figure 1 shows the main input and output data for the mini-BREF, described in detail as follows. 
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P, nameplate electric power






fuel data (LHV, χi)
prime mover data (technology, X, ηe)
abatement sys. data (technology, efficiency)
λi, input-based emissions [mg/kWhLHV]
δi, output-based emission [mg/kWhe]
mi, emitted pollutant [kg]





Fig. 1 Input and output data of mini–BREF calculation routine 
3.1. The input data 
Figure 1 highlights main and secondary input data; main input, mandatory to perform a calculation, are: 
x the nameplate electric power, P [kW]; 
x the total amount of operating hours in a year, h [h]; 
 
The most important secondary input data are, as shown in Figure 1: 
x the fuel data: i.e., chemical composition in mass concentration (xi) and lower heating value (LHV); 
x the prime mover data: technology, electric efficiency (Ke) and the reference O2 vol. fraction in dry flue gas (X);  
x the abatement system data: technology and abatement efficiency;  
x the pollutant mass concentration, Ji [mg/Nm3]. 
 
The secondary output could be directly provided by the user, or extracted by internal libraries of the mini-BREF, if 
not available in the specific plant case. For instance, the fuel could be defined using an internal library, selecting 
among several pre-defined fuels, e.g., solid biomasses, liquid biofuels, biogas, solid, liquid and gas fossil fuels, 
municipal solid waste, with given composition and LHV; among the pre-defined prime mover technology options, 
the user can select most common prime movers, such as boiler, internal combustion engine, gas turbine, combined 
cycle, microturbine, etc. The available abatement systems list contains standard De-NOX, De-SOX and PM filters 
and their corresponding efficiency data. Moreover, the Ji values can be introduced from the internal library for 
assigned fuel and prime mover cases (data available from existing plants) or directly introduced by the user. 
3.2. The output data 
In order to obtain the environmental potential indexes, according to the formula in Table 1, the following 
intermediate output, are required: 
x the input-based emissions, Oi; 
x the output-based emissions, Gi; 
x the total amount of emitted pollutants, mi. 
 
The input-based emissions (mass of pollutants per unit of fuel energy) values are calculated according to [8] as: 






21 JO  [mg/kWhLHV]                                                                                                                     (1) 













4.7622.414K  [Nm3/kg]                                                               (2) 
The term under brackets represents the kmol of dry gases per kg of fuel depending on the fuel mass fractions terms 
xi. The elements considered (carbon, C, hydrogen, H, nitrogen, N, sulphur, S and oxygen, O) are the main species 
involved in the combustion reaction. Using Oi allows to compare power plant of different type and size with equal 
fuel energy consumption. 
Moreover, the output-based emission value is calculated as the ratio between the input-based emission value and the 




λδ       [mg/kWhe]                                                                                                                                                   (3) 
Therefore, Gi represents the mass of pollutant species per unit of electric energy produced. 




PhλPhδm                [kg]                                                                                                                                          (4) 
The final output of the calculation routine (Fig. 1) are the environmental potential indexes of the power plant under 
investigation, calculated according to the expressions reported in Table 1 and using the specific weighting factor of 
Table 2. 
4. Investigated power plants 
Several power plants installed in Emilia Romagna region have been investigated with the above described 
approach. The power plants have been selected among the existing regional plants based on biofuels, namely: 
biogas, solid biomass, bio-liquids, municipal solid waste (MSW) and syngas. The analysed plants main parameters 
are reported in Table 3, highlighting the installed prime mover, as Steam Generators (SG), Stirling Engines (SE) and 
Internal Combustion Engines (ICE) and the exhaust gas abatement systems (SCR, SNCR, ESP, etc.). The last two 
plants in Table 3 are power units introduced only for comparison purpose, fed by natural gas (NG) and coal, 
respectively. The plant #17 is a representative combined cycle unit and #18 is a typical national large scale power 
station. It should be highlighted that the reference oxygen volume fractions in the exhaust gas (X) depends on the 
fuel and prime mover type, as shown in Table 3, according to the Italian current environmental regulations. 
Table 4 shows the composition of the fuels fed into the prime mover, while Table 5 provides the pollutant 
concentrations used to calculate the environmental indexes. These concentration values are actual data measured in 
the exhaust gases for all the plant cases, except the plant case #3; for this plant, the measured values were not 
available and the concentration data have been therefore estimated, using the environmental prescription. 
Concerning MSW, due to the large variability of waste composition, an average fuel elemental composition has 
been taken into account [9, 10]. 
Table 5 contains also carbon dioxide as a pollutant. However, for bio-fuel, CO2 has not be considered as pollutant, 
due to its non-anthropogenic origin. Instead, in case of Organic SW and MSW, only the 51% of the CO2 emitted has 
been considered as renewable, as described in [11]. Differently, for the last two investigated power plants (fed by 
natural gas and coal) all the amount of emitted CO2 has been considered. 
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Fuel prime mover 
X 
[%] 
De-NOX De-SOX PM filter 
  1 7900 8000 Bioliquid SG 5 SCR - - 
  2 35 5800 Syngas SE 11 - - - 
  3 12000 7800 USW SG 11 SCR Wet FF 
  4 (1) 10000 8000 Solid biomasses SG 11 SNCR - FF 
  4 (2) 10000 8000 Solid biomasses SG 11 SNCR - FF 
  5 990 7920 Biogas ICE 5 SCR - - 
  6 (1) 836 8000 Landfilled Biogas ICE 5 - - - 
  6 (2) 625 8000 Landfilled Biogas ICE 5 - - - 
  7 (1) 1048 8000 Landfilled Biogas ICE 5 - - - 
  7 (2) 625 8000 Landfilled Biogas ICE 5 - - - 
  7 (3) 625 8000 Landfilled Biogas ICE 5 - - - 
  8 (1) 1048 6000 Landfilled Biogas ICE 5 - - - 
  8 (2) 1048 6000 Landfilled Biogas ICE 5 - - - 
  9 (1) 625 8000 Landfilled Biogas ICE 5 - - - 
  9 (2) 511 8000 Landfilled Biogas ICE 5 - - - 
10 (1) 625 4000 Landfilled Biogas ICE 5 - - - 
10 (2) 625 4000 Landfilled Biogas ICE 5 - - - 
11 (1) 6550 8000 MSW SG 11 SNCR Dry FF 
11 (2) 6550 8000 MSW SG 11 SNCR Dry FF 
12 6250 8000 MSW SG 11 SNCR Wet FF 
13 10300 7920 MSW SG 11 SNCR Dry FF 
14 10600 7500 MSW SG 11 SNCR Dry FF 
15 17500 7500 MSW SG 11 SNCR Dry FF 
16 (1) 8400 7800 MSW SG 11 SRC Wet FF 
16 (2) 8400 7800 MSW SG 11 SRC Wet FF 
17 80000 8000 NG SG 15 SRC - FF 
18 165000 8000 Coal SG 6 SNCR Wet ESP 
*Some power plants present more power units, indicated in brackets. 




Composition χi (main elements) [%] 
C H O N S 
1 Bioliquid 34.9 71.0 9.00 12.0 4.50 - 
2 Syngas 9.54 18.0 5.00 24.0 53.0 - 
3 Organic SW 22.2 53.6 7.19 35.3 2.00 0.53 
4 Solid biomass 8.37 51.6 6.26 41.5 - - 
5 Biogas 20.0 42.0 7.70 50.3 - - 
6 Landfilled Biogas 16.8 53.0 15.0 30.0 2.00 - 
7 Landfilled Biogas 16.1 54.7 14.6 29.2 1.60 - 
8 Landfilled Biogas 12.7 41.9 11.1 24.5 22.6 - 
9 Landfilled Biogas 14.5 45.6 12.4 24.6 17.5 - 
10 Landfilled Biogas 12.7 43.0 12.0 27.0 18.0 - 
11 - 16 MSW 8.00 23.7 5.90 15.0 0.15 0.14 
17 NG 49.3 74.9 24.4 - 0.70 - 
18 Coal 33.5 83.1 4.10 5.50 1.50 0.80 
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CO NOx SOx PM VOC HCl HF CO2 
  1 48.0 160 - 16.0 16.0 - - 250 
  2 53.0 221 10.2 - - - - 128 
  3 50 80 50 10 10 10 - 174 
  4 (1) 30.8 173 1.63 3.23 0.69 4.35 - 187 
  4 (2) 30.18 163 3.42 4.51 0.20 4.63 - 187 
  5 131 211 - 10.0 2.50 3.90 - 291 
  6 (1) 57.7 359 - 0.25 40.2 6.93 1.53 209 
  6 (2) 66.0 362 - 0.25 35.6 7.97 1.63 209 
  7 (1) 229 417 - 0.20 106 3.70 0.60 213 
  7 (2) 100 385 - 0.30 6.30 4.90 0.70 213 
  7 (3) 134 397 - 0.20 11.6 2.80 0.60 213 
  8  105 353 - 0.20 19.1 2.95 0.13 209 
  9 (1) 105 353  0.20 19.1 2.95 0.13 209 




CO NOx SOx PM VOC HCl HF CO2 
  9 (2) 233 175 42.0 5.50 27.0 8.30 0.90 207 
10 (1) 216 256 38.0 4.10 50.0 3.90 0.58 207 
10 (2) 163 257 - 1.47 115 3.63 0.67 208 
11 (1) 143 263 - 2.50 126 2.70 0.43 208 
11 (2) 7.20 40.6 0.30 2.90 0.44 0.26 0.12 140 
12 4.14 43.5 0.27 0.44 0.50 0.26 0.12 140 
13 9.00 136 0.23 1.31 0.9 0.36 0.17 140 
14 8.75 22.7 1.00 0.56 0.45 0.76 0.12 140 
15 7.55 34.6 0.28 0.55 0.55 0.43 0.12 140 
16 (1) 14.3 57.1 0.73 3 0.3 1.28 0.12 140 
16 (2) 13.5 94.5 0.27 0.96 0.61 0.01 0.02 140 
17 12.0 86.4 0.50 0.48 0.18 0.19 0.01 140 
18 2.00 8.00 - 1.00 - - - 66.5 
5. Results 
Figure 2 shows a comparison of the environmental potential indexes values obtained for the investigated power 
plants. In particular, the diagrams on the left side show the potential indexes values of each considered plant (ATP, 
GWP, AP, EP, POCP). The diagrams on the right side report the potential indexes values per unit of nameplate 
electric power (P). The used bar colours refer to different types of fuel for comparison purpose. 
The obtained diagrams show the following key results: 
x The plants fed by natural gas (#17) and coal (#18) have the highest values of ATP and ATP/P, caused by the 
high amount of CO2 (for both plants) and large concentration values of CO, NOX SOX and PM (for #18).  
x The GWP values of many bio-fuelled plants is lower than the values of #17 and #18; however the organic SW 
and MSW plants (#3 and #11-16) also provide quite high GWP values; this is caused by the high quantity of 
emitted CO2. However, the GWP/P of plants 3 and 11-16 is comparable with the value of conventional NG and 
coal plants. Indeed, as mentioned before, the MSW and organic SW are considered partially renewable in terms 
of carbon emission. 
x The bio-fuelled plants show values of AP, EP and POCP comparable with the NG values and lower than the coal 
plant (#18) values. Nevertheless, the landfilled biogas plants (#6-10) provide quite high values of these indexes, 
per unit of nameplate electric power. This fact is caused by both the small electric size (in the range 500-1000 
kW) and quite high pollutant concentration values: the high emissions of NOX and SOX affect AP, NOX impact 
on EP and finally CO, NOX, SOX and VOC affect POCP. 
Figure 3 reports the environmental potential indexes values normalized with reference to the coal power plant values 
(i.e., worst considered case, according to Figure 2). Moreover, Fig. 4 reports the indexes values per unit of installed 
power, normalized with reference to the corresponding coal power plant values.  
A comparison between selected plants of different fuels is shown in Figure 3 and Figure 4. In particular, for each 
considered fuel, the worst power plant case, with the highest environmental potential indexes (see Table 3 and Fig. 
2), is shown: #1 for bioliquid, #4(1) for solid biomass, #7(1) for landfilled biogas, #12 for MSW and #17 for NG. 
The normalized ATP and GWP values are lower for biofuel plants in comparison with NG plant, while the POCP, 
EP and AP values are comparable for all the investigated plants. Fig.3 shows a quite high value of normalized GWP 
for the MSW power plant similar to the NG value.  
Figure 4 shows that, in terms of environmental potential indexes per unit of installed power, a benefit of biofuels in 
comparison with NG occurs for ATP/P and GWP/P, but the use of bio-fuels is questionable in terms of the other 





     
 
     
 
     
 
     
 
     
Fig. 2 Calculated environmental potential indexes: total values (left) and specific values per unit of installed electric power (right). 
 
   Bioliquid               Syngas            Organic SW           Solid biomass          Biogas                Landfilled Biogas            MSW             NG                 Coal 
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Fig. 3 Environmental potential indexes normalized with reference to coal power plant: representative biofuels plants in comparison with NG 
     
Fig. 4 Environmental indexes per unit of installed power, normalized with ref. to coal plant: representative biofuels in comparison with NG 
6. Conclusion 
In this paper an application of indexes introduced by the EU BREF Document [4] on potential environmental cross-
media effects is described. The developed calculation methodology can be used to forecast the environmental impact 
of future power plants undergoing authorization process or to verify and validate installed power plant, from the 
environmental point of view. A simple numerical code, requiring few input key data, able to provide information on 
the plant environmental performances has been introduced. Various biofuel power plants currently operated in the 
Emilia Romagna region have been compared with conventional plants fed by fossil fuels (NG and coal) in terms of 
the calculated indexes. The obtained results show reduced environmental impact, in terms of ATP, for all the 
investigated biofuel plants, in comparison with large size coal and NG plants. Moreover, for other indexes, the 
benefit of biofuel is questionable; nevertheless the biofuel plants can perform better in terms of ATP and GWP per 
unit of electric power output, while comparable values are obtained for EP and AP and higher values of POCP. 
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